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(57) Abstract: 

PURPOSE: To improve the ohmic contact performance 
with a metal electrode by a method wherein a layer which 
is the contact layer for a P-type layer and is brought into 
direct contact with the metal electrode is doped with 
acceptor impurities so as to have a higher impurity 
concentration than the P-type layer. 

CONSTITUTION: A silicon-doped high carrier 
concentration n + -type layer 4 having an electron 
concentration of 2x10 18 /cm 3 an Mg- t Cd- and 
silicon-doped p-type light emitting layer 5, an Mg-doped 
p-type layer 61 having a hole concentration of 5x10 17 /cm 
3 and an Mg concentration of 1xl0 20 /cm 3 an Mg-doped 
second contact layer 62 having a hole concentration of 5x 
10 17 /cm 3 and an Mg concentration of 1x10 20 /cm 3 and 
an Mg-doped first contact layer 63 having a hole 
concentration of 5x10 17 /cm 3 and an Mg concentration of 
1x10 20 /cm 3 are formed. An electrode 7 which is 
connected to a first contact layer 63 and an electrode 8 
which is connected to the high carrier concentration n + 
-type layer 4 are formed. A p-type layer which is doped 
with Mg so as to have an impurity concentration IxlO 20 -! 
x10 21 has an improved ohmic contact performance with 
a metal electrode. 
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<54) 3^fc**&#3£}fc*^ 



(57) imm] 

IflWl] f 7r^frisi ±tc, soo A a in <zv<±y:7 

Til 2, JR/RR2.0 Mm. S^SS2 X10 18 /cm 3 COSi K 
— ^GaN com^r ^ V TSgn* S3, JRff#&2. 0 p m. 
ST-gS 2X10 xe /cm 3 ^Si K— 7 p ^(Al, 2 Gai-, a ) ya In 
i-raN ^iS^r-V y TjSSn + JB4, flgi?^0.5 m. M 
g. Zn&T^Si K — ~?&> (Al xl Gai-,i)yiIni- y iN^ p feM^g. 
^**Ji5, JBWWSll.O /z m, A»JK2 X10 lT /cm 3 
COMg K— 7'0(Al» a Gai-» a ) ya In 1 - y9 N <Op/l6 1 , fitff 
#J0.2 Mm. ah—A** 5X10 ir /cm 3 , MgSSl X 10 20 
/cm 3 £>Mg K — ;7*<£>GaN 75> <b£5c£ Jg 2 ny^^hg62, 
JH/?^500 A, /U»£f 2X10 lT /cm 3 , MgSS 2X10 
2O /cm 3 C0Mg K-^GaN A^^Sll 3y^^hH63 
aS»J5!i£*VC^5o P@6 1iiS^tyrS«n + Jl4 




1 

[§S*JS 1 ] 3S5a-fk«r4 £ 3li*(Al«GaYlni-x-vN;X=0, 

y =o,x=y=o **tr) -e«j«*ixfcpewa4r«-*-pii. 

2 ] mrlET ^ ir y ^ ^F«4Sif*^ #**s$J* (M 
g) r £ 4r*Mfc£-*-SW** 1 fcE*tf>38#*^ 0 

^ 1 X 1 0 20 - 1 X 1 0 21 /cm 3 [Cmu£t%fzvfc*l%l 

esss^ lt^sjb >"i7 * (Mg) # i 

X 1 0 2O ~- 1 X 1 0 21 /cm 3 JCjRJnStLfcp-eajS*^ 

#1X1 0 2 °— 1 X 1 0 2 Vera 3 tCjganSft&JRSffifc: 
g)^lX10 19 -5X10 2 °/cm 3 <Z>«ffl-CffiE» 1 JS 

#1x1 o 2 °— ixi o 31 /cm 3 KSJDSii^JMHElc: 
ilttS^UfcpeWffiSr^Ji-C&O, 9 h 

JBKft'&i-SfluEpJBi*. -r^^AOigl^ixio 
19 -5xio 2 °/cm 3 c^®fflT*mrfS^ ^ hJSJ: 5 t> 
^«Jgfc^Aa £ ft p eW5B*^t-« L r k 

mk-rztsxm i Kffisfc^***^ 

[0 0 0 1 ] 
[0 00 2] 

[&*&«*] ft*. *ft<Z>**^rf— KiUTAlGaln 

[0 0 0 3] »jft, AlGalnN **Wff{C*5V^T fe, Mg* 
fettJB (if) tSrtefrS'ttfcMIS SK*;fcT, AlGaN 



(2) ^gflip8 -9 7 4 7 1 

2 

OpSi, ZnK— 7<DInGaN<D&%Mk. AlGaN CD nil 
[0 0 0 4] 

n»-&S<0*Jt^Y#-— KK*5<,>X\ p/f ^#^5=2:/ 
^ h/Itt^^'>^A#l 0 l Vcm 3 <n*—-?-Qffi3B 
£ft7tGaN Ml/^Jlt^So -0=2 hS<D*r* 
V T»m\* 7X10 1 Vera 3 T?iS»S"C$> 9 , *-/U<7} 

[0 0 0 5] fi&o-C. *3SW<Z>BftW\ *-vucD£A2b 

\cmm+&zk-c. &xm'¥-e>mwimj£$:&T-r%zk 

[0 0 0 6] 

20 [BBJH^flfc-^-SfcaCxo^ai RsftiSl fcE«tf>*9! 
tt, 3 ^^^^^^(AUGavInx-x-rNjX^, Y=0, X=Y=0 

[0 0 0 7] »**3^E«^«Wfi. ^>-*^h/i 
*\ ir#*i/$J*{V%)t£ 1X1 0 2 °— 1 X 1 0 ax /cn 3 

30 \zmQ£ihfrpB&m£^-fmki,Jt^kx*&Zo is* 

ixi o 2 °— 1 x i o 2l /cm 3 {cS6»a$iLfcpfi»ffi*- 

[0 0 0 8] W*ig5^E«<©«MH, ^>-^^h® 
«\ ^^^^-^(MgJ^l X 1 0 2 °— 1 X 1 0 21 /cn 3 

^ssan $ *x&*sisfc:a:s»s- p e^S! 1 

Sir. ^i^^v'^-^(Mg)^ 5 1X10 19 ^5 X 1 0 2O /cm 

3 (7?«EH"CStESiJBi9 fciS*ff*-lSJPSftpe*S! 
40 t^»2»i<0««^«*L3tCt«r»«i:-*-5 0 IS 
*ifi6JCEI80«Wf±. n>-^^ hS*-^^V^ix(M 

g )#i x i o 2 °— i x i o 2l /cni 3 tcasjnstuAJRSffi 

p«&^^*->r>A(Mg)as 1X10 5 x l 0 20 
/cm 3 co®H-C^>-^^ KJ1J: 5 fe-ffi««^flS*0*iip 

tCE*<^*Wtt, ^V^^h^^GaN tU 
50 [0 0 0 9] 



3 

bmx&<>x&mw£\zm&&&Lx^&m&p 

[0010] Tf^f^fflga&^jr^&MH 
g) <fc Lfca-g-Kfi, A(Mg)»S* 1 x i 0 20 

— 1X1 0 21 /cra 3 <bi"^^^^SLt/\ 
A(Mg)^ i X 1 0 2O ~ 1 X 1 0 21 /cra 3 (caS*0$^fcp 

H£, ^^V^A(Mg)^ i x 1 0 l9 -5 X 1 0 2O /cm 

g) mm i 9 k vm&hv fcrnm z^-tm t-tz^ 

tX\ -ie-coiico*— ;WgS£;*;# <i"£r t&Xg &it 
[0 0 1 1 ] 

Hl(C*5V^. *^Vt-KlO^ t77^TSS 
1*^TLT*J<9, -^co^^r^TS^l ±fC500 A^Al 
N ^rJi2iS»ja*nX'V^5 0 ^-GO^y ^zJf 2 

C0±iCtt N MgfC, flSJ?j^2.0 ^m. m*mm2 X10 i8 /c 
ra 3 <Ov-y =3> K— ^GaN J&»fc/S5iK** 1> TjftSn * fi 
3. JKJS#J2.0 Mm, ttiPftjff 2X10 1B /cai 3 COv'y =t 
K— ^(AUaGai-^yalni-^aN a»&/S3BE*-* U Tg 
Sn + if 4, flU/P^O.S Mm, £ (Mg) , # K 

5 $J*(Cd)RXf$'V > K— ^(AUiGai-»i) r iIni- y i 
N J&>&#5pfiS>gB<a«#Ji5, JRWfftl.O Mm, * — 
/^Jg5 X10 1T /cm 3 , -^^^r^ixSJgl X10 2o /cm 3 O 
-^^v^i* K— ^^(Al^Gai-rfiyalni-yaN ^fejKS 
p/16 1, JRfflRjO.2 Mm, ;U&S5 X10 17 /cm 3 , 
^^V^A^Sl X10 3o /c m 3 CO^^'>^A K"^C0 
GaN H«5»23y?^ M62, JRJ¥#?J500 A, * 
-^SS 2X10 ir /cm 3 , ■^^^•>A»JK2X10 ao /cm 3 
CO^^^iy^Ms K — 7* CO GaN 

[0 0 12] gfcfc, rcoflfiSco^^^— Ki oco® 
i6#ftfco^TftW"*-So ±SE*#*V;*— K 1 0 ft, 
*»AWt*4fc«ffi**jSfe( «T TMOVPE j ifE-T) fc 

(ch 3 ) 3 ) (wr itmg j £f£-f) <h hy^^r^^:- 

£-MAl(CH 3 ) 3 ) (SIT I"TMAJ itai") ihMfW 



(3) «fI9^8 - 9 7 4 7 1 
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Vv^AUnCCHjJ (JKT CTMI j £Sai") <t, 

K^-£A(Cd(CH 3 ) 2 ) («T fDMCdj <tie^-) t 

(CsHaJaX^T fCP 2 Mg j £f£-f) T-fe^o 

[0 0 13] Sf, *«8fe»ftCl c »aaK < t 9 8fe»Lfc 
a S*±ffiit5¥S^f7r^7Sfil £M0VPE & 

■oKiS*k:«ilSftfcf--fc^k:SS«-f«o ftfc* fit 

JE T'Ha £ «ti$2 1 i t er / # T'S J& mcffiLtt&b 1 1 00 

10 [0 0 14] fcfc:, r&jg£ 400°C^T'®T$-tirT, H 2 £ 
20 liter/#, NH 3 4:10 liter/ £\ TMA. £ 1.8X10" 3 
^E-^/^-trfltS&^-CAlN ^^7 7l2i^ 500 A<7)f 

*K«/S$iT,fco -?-^r-rrs«iofflJK*:ii50 

■ tfclftffU JBM*J2.2 Mm, a^F»JK 2 X lO ia /cm 3 cO 
->y nyK-^GaN d^jjcSI*^ DTMn* A 3 

[0 0 15] i^T, # KS*J*(Cd)i:*>y :=*V(Si)£$g 
#4^<t LT$g*^-^ffi:g£430nm »CR«bfc»fr<D' 
^^®5 (T^f^l) ^TJ«^^^ KiB 4, 6<D»/S 

CDmS £850 t^C&r^U N a XttHi4:10 liter/5>, NH 
3 4- lOliter/^, TMG Sri. 12X lO - **^/^ TMA 4r 
0. 47X10 _4 ^e/U/^, TMI £0.1 X l<r fc *A'/$$\ & 
t^, '>7V^AL, IRi¥«I0.5 Mm. SJSl X 10 18 /c 
m 3 C0'> H^y h'—y°CD (Alo. -trGao. s 3 )o. «Ino. iN A^^^Sc 

[0 0 16] jft^T, r^jS£850 °CtC^}^U, NaXttHa 
£20 liter/^, NH 3 £ lOliter/^. TMG £1.53X10 
30 -*^yU/5>. TMA £0.47X10-*^*^/^. TMI £0. 02 X 
10-**yU/^, ^C^. CP 2 Mg £2 X10- 4 ^eyl-/^£DMCd 
£2 X 10- r ^/V/5^£ v^>-£l0X lO-^/U/^^A 
L, flgi?^0. 5 MmCO^^v^>A(Mg) b# K 5: ^i^(C 
d)£i/y ay(Si) K—^CO (Alo. 3 Ga Q . r)o. 9 *Ino. oeN 

?t\ fgffifetr-feSo rco^il5^jo^5^^'>^A 

(Mg)<©»Stt IX 10 "/cm 3 , * ^A(Cd)<Z?»«fi5 
Xl0 lS /cm 3 -C5b 9 , ^>y =^^(Si)<Dmmm X10 18 /cm 3 

40 [0 0 17] ffe^Xs rES£llOO < C^^L. NaXUHa 
£20 liter/^. NH 3 £ lOliter/55". TMG £1.12X10 
-*^yU/£\ TMA £0.47X10-*^-/^/^, TMI £0.1 X 
Kr^yi'/^, CPaiig £2 x io-**A'/#3SA 

L, ffiffftl.O ^m^^V^(Mg) K™^(A1 
o. *rGao. 93)0. »Ino. iN ^^5p|6 l*?gijiLfc 0 
pl6 1^^Vr)A(^SSlil X10 2O /cm 3 -Cfe^o 

rco#fi§-m, pis e in, ffigt^io a Qcm^± 

<^f&&{fc-Cfc5o ?ajS£850 °CtC^U, NaXtt 

H 2 £20 liter/5>, NH 3 £ lOliter/^, TMG £l. 12 X 

50 io~ 4 ^^/5^, CPaMg £ 2x lo-^^e/u/^cofl-a- 



5 

t'»AL\ BSi^O. 2 ^m^-e^v'^A(Mg) K— 7*60 
GaN ^e>jSS*2 = h«6 2S:?g^RLfco *2 = 

h®6 2C0^^v">A^>SJgfil X10 2O /cm 3 -C 

Sft^lO 3 Qcm«±^|ft««c-c&5 0 »>t, ?&S£85 

0 tfcUSWU N 3 XfiH a 4r20 liter/5}". NH 3 * lOlit 
er/55\ TMG * 1. 12 X \0~^J^/^^ S^, CP*Mg £ 4 
xiO"*^e/u/^W-frT-a>AU, )!g/¥^500 A<o^^ 
v^A(Mg) K— 7*C0GaN ^5>ric-5»l ^s*? hl63 

jgti 2xio 2 °/cin 3 rfe^o rotfc!i§-ett, li^y^^ 

KJB6 3H:. SSt^lO* QcmJ^JbCOiffe^fftrfe 

ho 

[0018] SAfS^iftiaSraSltSrfflVN-C. Il 

h«6 3* S^aV'*^ KJB6 2* p!61^ 

ifiKO. 2mm/sec . t-Ag6OMm0, Jf ffiKS. 0 X 10~ s 
TorrT'&So ^^^^M^m^cX 9 , » 1 = >^ ^ h 
163, I23^^hl62, pi6lM*S5 
«U * — 2X10 17 /cm 3 , 5X10 ir /c 

m 3 , 5X10 ir /cm 3 . SSt^ 2Qcm, 0.8 Gcra, 0.8 Qcm 

[0 0 1 9] J^Tica^<&ti,5Sl3^&ia7 

[0 0 2 0] H 3 KTjk-tX 5C, il^y^^hl63 
coiitr. as*?* V isflzxysiojax 1 £2000 AtfW 

h 1 2«ri6*U)t-6 -fit; 7i-Fyy^77(a^ 

[0021] 0 4fr^-f-i5^, 7tH/'^h 

1 2K±oT«tonTWjj^siO a JSi l & 

^ h w;?* h i 2,&t^SiOJi 1 1 fcioTJRfeJvci^ 

n + i4(^iS-M, S£S0.04Torr, iSJ^Sm^O. 
44W/cm 2 , BCla^^rlO m\/ft<D'W\&XW& L K5^x^ 
f^V-^LfcgL ArT K7^3:yf^Uft, r<?)Ig 

T\ iS^-y yr^JSn* Ji4fc#l-££ffi&ffiLtf>fc* 

[0022] ftlc. B6K^H-<fc 51-. pJl6i±fcg£ 
oTi^SSiOaJB 1 1 *7^^t**8fc-CI»*Urt:o 
§7 fn^-J-J: 3 ^> K#f<z>±£EK. NiJli 3£^i&{r 



(4) #5*1^8 - 9 7 4 7 1 

6 

Sn + Jl4{cS«e«JfC«igg**LfcNiJi 1 3 ft 

So rLt, B 7 fc^-J-J: 3 fc:, ^Nili3 0±tc7 
V . ^<Dy± h t^v^ h 1 4 aSK** y T&jg n - if 4 

[0 0 2 3] ZfclC, 0 7 JC^-f-i 5\C^<D7± b 
b 1 4 £r^^ <b LTT/l^Niii l 3 <z>Bffi«$Srffi«S 

10 »<75«9KaR«$ftfcNiJil 3W\ ^tC^^^ixSo 

y r^Jgn* i4<z)SS8, Si3y^h|6 3<z>^; 

[0 0 2 4] r^iJfcLtftfcnfcSJtSUftt, HSb 
SSE20inA'Caa»SjaE4 VT?, ^iS^430nm , * 

[0 0 2 5] X. ±E<©«#«5fc:*>tt5;*/ K ^ !>A(C 

20 d)<hvy =^>-(si)oSJS^, *4x-Pix, ixio l7 -i 
x 1 o 2o co&m&%ft5m£fa±£^&&X'm-£ lv\ 
->y 3v(si)o»jKtt. * ks: r>A(cd)tcit^-c. 

1/2 — i/io<^SJS^*v^dS i ^3 Lv\ 
[0 0 2 6] ±E<©HlfrM-e«U 5 K^r> 

7'^MCffit5 p 1 6 <h H^r y 7 gS n + @4 
coso K^r> ^7*i: 9 fc/h*< te^y/^Tv 
m^M^Z^flX^^o X, rtL5)C0 3oc0®C0Al. G 
a, In<£>/£5Hfcf^ GaN COiS^r-y V T n * Scoft^ 

30 [0 0 2 7] fg2^»g»] 

A(cd) tv/y 3v(si)i^**p*nrv>5^ ^2HSfe 

>f7S«l OTSjg^800 °Ctd^r{^L^ N 3 £20 liter/ 
£\ NH 3 £ 101iter/». TMG Sri. 12 X 10"*^U/^ 
TMA *:0.47X10"* i &^/^ TMI 4:0.1 xiCT^A-/ 
^t^^ '>7V£^AL, ^i?^0.5 Mm, 2X 
40 10 1€ Vcm 3 <£> i/jav K— 7*<^ (Alo. 3 Ga 0 . r) o. e^Ino. osN 

[0 0 2 8] Sc^-C, ajK*'1150 < CfC«»U. N 2 £20 1 
iter/^, NH 3 £ 101iter/£\ TMG 4r 1.53X10~*^U 
/5>, TMA £0.47Xl0-^eA-/53\ TMI £0.02X10"*^ 
^/^. CP*Mg £2 xiO-^/U-/^ V^>-4:10X10- Q 
^^/5>. DEZ £2 X 10-^^/5>"C7 #®AU flSi? 
#J0. 5 ^m^^*>'!>^(Mg)iv'!J3y(Si)iK»(Z 
n)CO K— ^Silfc (Alo. odGso. 91)0. wlno.oiN 

50 ACOSJgfil XlO^/cm 3 ^*)!?. ffiJB(Zn)C0«Ktt 2X 



(5) 

7 

10 ta /cni 3 -C£>!9, ->y a V(Si)CO&jgttl xi0 18 /cm 3 T* 

&£o 

[0 0 2 9] jR^T. fflJKSrllOOtfcftW U N 3 *20 L 
iter/5^, NH 3 4: 101iter/3J\ TMG 4: 1. 12 X 10 _ *^/U 
/£\ TMA ^0.47xi0-*^eyu/^, TMI 4:0.1 x 10"*^ 
RV\ CP 2 Mg 4:2 xio-^/u/^SAU Mi? 
fa 1.0 /im^^i/^A(Mg) K — y*<D (Alo. sGao. t) 
o.9<Jn 0 .oeN *»<b/&£ pJl 6 1 «:MLfco pi61© 
^^t^A^jfcJKttl X10 2O /cm 3 -C^>5o r^tfcfiST' 
tt, pJl6 1f*, S6t^l0 a Qcin«±<0|fejftffr-e 10 

[0 0 3 0] £ atK&850 °CM{£f£ U N 2 Xf2H 2 

4:20 liter/$i\ NH 3 4: l01iter/£\ TMG 4:1.12X10 
BiTfs CP 2 Mg 4: 2xio-^eAv / #<z>W£ h "C 
?AL, JKi?fa0. 2 /zmc75-^^v"i7A(Mg) K— ;/<0Ga 
N H«5«2ay#^ hl6 2*JK/3cLfc 0 S2^y 
K»6 2 0-^^V^i*(^*afil x l0 2Q /cm 3 Tfc 
So r^ttlB-Ctt. ^2 nv^^ 2 tt. S 

°CM{fcJ$U NaXttH a *20 liter/5^ NH 3 *101iter 20 
/£\ TMG 4:1. 12X10"* ^-A-/^ &t>\ CP 2 Mg 4: 4x 

£-MHg) K— y^OGaN a>&J5K5»l hjf 6 3 4: 

2xio 20 /cm 3 -cfe^ 0 r<©tfcffi-cfi, Ml K 

[0031] scic, RM«^j»ia»a£BSr/H^T\ an 
nmmtmmc s mi hme 3, 12^^^ 

hl62, pi!6 1 S^JtJi 5 fc— «tC*^FjSSl*flRit 
L?to rtUCfc 9, Sl3y^^hi63 x I2^y^ 30 

ir^-c^^Co r<Z>*}fc*V;*— Kl 0 ttJB»«iSte20niA-C 
B»Sffi4 «36fcT— 430nm T?& 

9. JgjfeMJKttlOOOmcd-C&So 
[0 0 3 2] »3*ftW 
IB3l8Jfi«<Z>*Jt^*— Ktt, »2l«fi««o*** , -f 
K£»fc9, IS 9 fc^i-J; 5 pfii£S<z>38#JS 

E^C K— *LfcGa r In x -,N , p JB 6 1 te^^v^A 
(Mg)CO K— T'SnfcAlxxGai-^iN , i§=*--* !J78gn* 40 
M 4f**>y n x (Si) CO K— ^SftfcAlxaGai-^aN 
U^io ^*b-C, »/8ttlxl,y,x2 tt, 38*JB 5 K¥ 

*y^as»**y r*fl?n* *4. pieiwvK^ 
a <t5*cRS*ixs 0 m. mi hme 2, 12 

[0033] mi osc^i^-c, &yty<<*— ki ora, 

±fc500 ACOA1N 0/<;y :7zJf 2^7F$/££ilT^$o -r 50 



Wm^8-9 7 47 1 
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0^<i/7rJB2<0±fCfi % Wg'rC, j&##J4.0 /xm, S^P 
SS2 x 10 ia /cm 3 CO K— 7"GaN ^&J«5K*^ 
y 7gSn* 14, JB!JS#*K>.5 ^ m, ffi 
J6X !l 3 V K-^Gao. 94lno. oeN a>&J*5*jfcJi 
5, JRJQ£|$J0.5 Jim."* — /Ujgg 5 X 10 ir /cm 3 CO-^^ 
K— T^Alo. iGa 0 . 9 N ^ric5pll6 1, AS/?fa 
0.2 /znu /-"SUS 5Xl0 1T /caf\ 
1 X10 2O /cai 3 CO-^^v'^^ K-7"0OGaN 2 

= y^Mi62, jgSJSfasoo A. 2xio 1T 

/cm 3 . -^^v^A&Jg 2X10 2O /cni 3 O^^>'^ A K 
— T'^GaN^&rfc-SMl a>"^^ h/I 6 3^S?grfc*nr 

^■C****tfcS«7 i^t'J7Mn + ®4fC^ 

[0 0 3 4] i^C ^^«iS^**^^— Kl 0<z>» 
iS*-ife^oo>-CRWi-«o JBl**«ilH«i«c, A1N o 
/^7ri2S-03l5«t5 o RU:, f7r>f7lSi^ 
tMS4:ii50 o Ctc:^U, ^?j^4.0 p. m. "gT-SS 2x 
lO^/cm^v^y n V K— ^GaN ^«$I^r^!J7S 

[0 0 3 5] fiJLT. S:#&(Zn)i'>y ^>'(Si)4r^^:4 J ^ 

5, ^7ix KJB> SH^. pi6U M233^^^hjf6 

^*£^J4rl£-f-o ±EOi«*^yrjRJSn* J14*«J«L 
feS, f^T, f-7r^TS«l<©flaJS*850 °CtC^» 
L. N a X^H 2 4r20 liter/ 53\ NH 3 * 101iter/5>, TM 
G 4rl.53X10-*^Av / 5}\ TMI 4:0. 02 X 10"*^ 
CP 3 Mg 4:2 xio**-=e^/^. DMZ 4:2 x \<T 7 / ft ^ 
io-7l/&lQX \0' 9 ^r^XftX'^A -"JlSffWO. 5 m m<7) 
■^^-*V^A(Mg)iffi#&(Zn)i:'>y ^y(Si) K-^OGa 

[0 0 3 6] j^T. TUS4:850 'GtcafipU, N 2 XftH 2 
4:20 liter/^, NH 3 4: 101iter/». TMG 4:1.12X10 

TMA *0. 47X10"**^/^ &£>\ CP 2 Mg 
4:2X10-^^/^X7 »»AL, ^i?^J0.5 nm<D^> 
>T^V^A(Mg)CO K— ^^nfcAlo. iGao. 9 N d*?>fljc5 p 
■ 6 i«r?Bj«Lfc. P J16 Itt*«rotttt-ca8t*i0 
8 QcmJii±COffe»fls:-C$>So pJB 6 1 ^*3^5^^V 
A (Mg) 0«JKH. 1 X 10 x9 /cm 3 -Cfe So 

[0 0 3 7] ft^T, r^jg4:850 tfcl»J*U NaXttHa 
4:20 liter/^, NH 3 4: 101iter/». TMG 4:1.12X10 
-^^^Z^, RXf* CP a Mg '4:2 x lO^^e/u/^WA 
JSi?^0.5 /xm^^v'^A(Mg) K-r<Z>GaN 3&*&J« 

5S23y^^ hme 2±ffi&L^lto »2^y^^hS 

6 2<D^f**/t?J*<D»8tttl X10 3O /cm 3 T?&£o 
tt!!8"Ctt. ^2 a hii6 2 Si, ffifJt^lO 8 



(6) 

9 

QcmW±0*fe|£<fcT*fc5o St^X. ?fiS£850 TCfcfffir 

U NaXttHa4:20 liter/Sh NH3 * 101iter/5i\ TM 
G 4:1. 12 X ur^u/^ &tj\ CP2Mg 4: 4X10"**^ 
/#69§l^-C-igAU flgJ?^500 A^-e^v^^(Mg) 

K— T'cOGaN *»<b/S:5M 1 bM 6 3 £t^/& L 

fco ^*i^A<Z>»JKrt: 2X 10 2o /cm 3 -C£>5o 

[0 0 3 8] Utfc. S^tm^SW^S^ffl^-C. «jt 
J15, pl6K jS23^^Nfl6 2ft(/»l = >^ 

mimmMbm—x$>z>o ^^m^u^mM'tcx 10 

KJi6 3W: x -tit^pn. A«JS5 Xl0 17 /cm 3 , 5X1 
0 17 /cm 3 , 2X10 1T /cm 3 . Sfit^O. 8 , 0.8, 2Qcm^ P e 

[0 0 3 9] mffi®^[6 Xl<r*cm a <D&?^ 1^*^ 
<©W»ajEtt*iSllE2 0mAB*4 V-eft)<9 , Sftfeffifctf* 3 0 

SMSfetfil 0 — 15 QT-fco7t 0 
[0 0 4 0] ft, GaN c£>B 1 ^^d?? bM6 3 &&f&'f 20 
Mggjg^l X10 l9 /cm 3 ^ib2 xl0 21 /cm 3 ^T^ 

20mA^co^^c^lISFmiE4r^Lfc^co-e^So Htfr^ffi 
f*n.2v 7^<b4.ov*T-^ffcU iSBi h 

JS 6 3 tcO^ttffifet^250 30O*TaE-ftLfco * U 
t\ Mff<©»*iS 2 X 10 2O /cm 3 CDE3s KftflBBEttflH£tt4. 

0 V. »ttfia30Q<^*ffi«*;j*U Mg<Z>»flWS2 X 10 

1 rav^ hj|6 3cOMgiSS4rl XIO 20 — 1 X10 2 Vcm 3 30 

[0 0 4 B l 2 tt»2 ^V^^ KJI6 2Xtep 

«<koBB«*^L3tfccot?$>S 0 Mg mm&5 X10 l9 /c 
m 3 ^-Cit*D^-^-5 i^— /U^Sf±7 X 10 1T /cm 3 ^T-ii^a 

t/\ t£o"C, M2^y^^ Kg 6 2XttpJB6 1 <£>MgS 
1X10 19 — 5Xl0 2 Vcm 3 <73ffifflT^l h/I 
6 3<D Mg »fti9«»JKi:i-5^sa*L,< % ^co^ 40 

[0 0 4 2] ±ffi<fc**«fc;feM^-C\ **JS 5 {C*5«-5 
ffi»(Zn)<b^y 3V(Si)<Z5»JKtt, ^ti-en, 1X10 

17 -ixi o 2o co©H^|g^a4 :f $ ] _h$-tt^^-ea^ 

Lt^iWo^ 0 S&Jc»*L<W:i xio ls — 1 x 
10 l 'o«SHi&*ftv\ 1 xio x8 £9^/j^£»*;dS^jfe 
<, 1 xio 19 J;9^<k*S£tfe6SS< KZo X. 

v(si)<z)i»Ste. ffi»(2n)^tt:^-c, io»-i/ioas#* 
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[0043] ±&<DmMW\£&^Xs ^i/$?vm 

A(Mg)£iSflDLrt:^2 rz^*^ h/f 6 2 i 

[0044] Tf-t-ffTFtfimvt. ^<y y ^a(b 

#<CK v-y^WSih ^n^afGe), K(Snh » 
[0 0 4 5] S&tc, K-#— ?*E#)iL"C, Wrf-frfS) 

^-^mfrttcx 'ort? z.t^x^ 

[Hi] *^^^^6<J^»lSI^(ci«S^3t^V^- 

HffSB. 
IVrSB. 

[0 5 ] I^HlS^JiO^Jt^V^— K<©«i6ia**L)fc 

[i6] mm&m&ssfty'f*- Kooaisxg** L7t 

[0 8] ^2^^l^#.S«7t^V^— KiO*^*^L 

[09] m3&mmiz&?>&yt#'<(x— k<o«ar*^u 

[010] J(53 SEftW^-WS J*— K<0«fi8*^ 

[01 1] Ml =>"^^ f«/i^*i^S-^^V^ASJS 

[012] !&2 ^«Xttp®f-*5^S^^-> 

[^^•©SftW] 
1 K 

1 ■■•t77-i , ris 
2-v<?7ri 

3 y /sin - a 



11 



6 p il 
6 1 -pJl 



(7) 



6 2-123^^ hm 
9-» 
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1] 



[!H2] 



[B3] 




[B4] 



63 Grff Cfc-^Jopod X) 

62 Geft (te-dooed <E) 

61 p-UI^GaL-OJm-.aHCMo-dcpod) 

5 p-CAl.t Ga 1 -.,)nln,-..HCMB.CdSi-dopad) 

4 n*-(AI.,Gai-t ),t ln,-,iNCSi -dop*i) 

2 AIN 

1 Sapphire 
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— 63 

— 52 

— 61 

— 5 

— 4 
— - 3 

2 



5j^g2S2^ 11 
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— 83 
^52 



— 81. 




[H]5] 



106] 



Mi 
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[il2] 



[H7 ] 



Q_ ^ 10' 

+! s 

5!"" 

* I. 
n Q 10" h 




10" 



10* 



10" 



35 2aV*2MI C*fcttPJH) © 
7^^9Aat£K < /cm* J 





ftmW-8- 9 7 4 7 1 



im9] [no] 




(72) mm mm 
(72)isw«- 

s«n as* a a sr^&^gtfi i 



(72)isw# mm m- 



(9) . - 9 7 4 7 1 
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